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Cases  of  bacterial  leaf  blight  of  wetland  rice  and  result¬ 
ing  crop  damage  have  been  reported  from  various  parts  of  the 
country  from  year  to  year.  With  respect  to  this  particular  disease, 
there  have  been  reports  from  Nakada  and  Ishlyama,  and  also  the 
Alchl,  Kumamoto,  Saga,  and  other  Agricultural  Experimental  Sta¬ 
tions  which  have  clarified  to  some  extent  our  knowledge  concerning 
the  pathogen,  the  circumstances  of  occur^tifce*' of  the  disease, 
methods  of  control,  and  which  have  also  contributed  to  the  develop¬ 
ment  of  resistant  strains.  ^The  Kogyoku  and  Koganer'^u  strains 
developed  by  the  Aichi  Pref&ctural  Agricultural  Experimental 
Station  are  known  to  be  particularly  disease  resistant,  And  these 
varieties  have  been  recommended  to  farmers  in  various  prefectures. 

In  19^9.  there  was  an  epidemic  of  bacterial  leaf  blight 
in  Alchl  Prefecture  with  the  disease  occurring  as  early  as  late 
July  in  some  parts  and  the  disease  developing  so  rapidly  such  that 
the  terminal  leaf  was  observed  to  be  infected  when  the  ear  was 
being  formed.  Under  such  olrcumstanoes,  it  is  necessary  to  make 
a  detailed  on-the-spot  investigation  of  the  crop  damage  incurred* 
to  inaot  emergency  measures,  and  to  study  the  growth  of  disease 
resistant  varieties,  improved  methods  of  cultivation,  and  perma¬ 
nent  measures  for  control  of  the  disease. 

Based  on  this  viewpoint,  several  aotual  surveys  were  con¬ 
ducted  in  the  vicinity  of  Togo  village  in  the  county  of  Mlnaml- 
setsuraku.  The  survey  was  generally  conducted  on  the  basis  of 
different  river  systems.  Within  a  group  of  lands  of  a  water 
system,  individual  paddles  were  studied,  lie  further  invostig.-u  I 
the  relation  between  the  rloe  variety  and  disease  occurrence 


also  the  relation  “between  disease  occurrence  and  the  method  ef 
cultivation.  This  report  includes  th-j  results  oh  .'ssld  investl- 
gatlon  conducted  on  and  around  September  10  and  October  20. 

1.  Belief  and  soils  of  southern  part  of  Kinani-setsuralcu  County. 

The  topography  of  the  lard,  which  was  Investigated  consisted 
of  the  ridges  of  the  Gaho  Mountains,  runnur j  ca^t-vxst,  locat-d 
to  the  north  of  the  area,  and  the  south  being  bounded  by  the 
Toyo-kawa  (river).  The  area  bet?  •  OOX1  wll3  nountains  and  the  river 
was  a  diluvial  terranoe,  nost  of  it  being  famed.  There  were 
numerous  streams  of  6  to  12  feet  width  or iginat lag  in  the  r.uvu- 
tains,  forming  a  pectinated  pattern  draining  the  terrace, 
eaoh  of  these  stream  systems  irrigating  narrow  to  wide  hand,  of 
terraced  wet  paddies ,  and  the  systems  being  separated  by  dry 
farmland.  Small  dams  were  appropriately  located  on  these  streams 
to  provide  irrigation  water  for  the  associated  wet  paddies  of  the 
system. 


Figure  1.  Belief  map  of  southern  part  of  Minaml-setsuraku-gun. 
Legend:  (1)  Gunka-gawa.  (2)  Noda-gawa.  (3)  Tamachl-gawa. 

(4)  Nakano-gawa.  (5)  Hanba-gawa.  (6)  Miya-kawa.  (7)  Bengo-gawa. 
(8)  Gotanda-gawa.  (9)  Taikal.  (10)  Vet  paddy. 

The  soil  was  a  mixture  of  aold  soils  containing  gneiss,  granite 
partioles,  and  humus  (See  Figure  1). 

Area  investigated 

The  area  investigated  consisted  of  the  rioe  paddies 
irrigated  by  the  tributaries  draining  into  the  Toyo-kawa  (river) 
contained  in  the  political  subdivisions  Togo-mura  (village), 

3hlnJ o-machl  (town),  and  Sengo-mura  (village),  the  investigation 
being  oonduoted  according  to  individual  tributaries.  The  names 
of  these  streams  and  adjoining  localities  are  as  follows: 
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Taikaitaueikegakari 

Gotarda-gawa 

Rengo-gawa 

Miya-kawa 

Eanba-gawa 

Okino-gawa 

Tamachi-gawa  ■ 

Noda-gawa 

Gunkai-gawa 


r/i-.  ^  t..  / 

^2^wW.yw;  — >  "JV  -  c’Xl^C  — ~  \  *  ^ 

k-hdro-* 


Eunaga  — >  Yasokuho  — ; > 


Ushlgura  — >  Caiya  - — >  Tcndsawa  — ^  Kawa  j  i 
Ushikara,  Ya'cs,  Tcminaga— >  Tomizawa 
Kanihirai  — ->Eirai  — ->  Tomizavra 
Eatayona — >  Togo ,  Sengo-aura  boundary 
Hirai  — » lllshiara i chi 
Tokusada ,  Usuko  — /Heel  — > Suwa  — => I'cda 


:aaa 


2.  Incidence  of  disease  by  area 


The  area  studied  was  known  for  its  high  incidence  cf 
bacterial  leaf  blight  of  the  rice  plant  in  past  years*  and  in 
19^9 *  infection  of  the  second  and  third  leaves  was  noticed,  as 
early  as  late  July,  with  the  disease  spreading  very  rapidly#.  It 
was  noticed  that  within  the  area,  there  were  variations  in  the 
incidence  of  the  disease,  and  this  prompted  our  attention  to 
investigate  this  area. 


Between  September  9  and  11,  the  situation  concerning 
bacterial  leaf  blight  Infection  in  tho  entire  basins  of  nine 
streams  was  investigated,  attention  being  paid  to  differences 
between  river  systems  as  well  as  to  the  location  of  the  rice 
paddies  within  a  basin.  According  to  the  results  summarized  in 
Table  1,  it  can  be  seen  that  seven  of  the  nine  river  systems  had 
bacterial  leaf  blight,  also  that  there  were  differences  between 
the  river  systems  with  respect  to  severity  of  the  disease,  also 
that  infection  in  the  upper  and  middle  reaches  of  the  river 
systems  generally  meant  that  there  was  progressively  severe 
infection  of  rice  plants  also  in  the  lower  reaches  of  these 
rivers.  It  was  also  noted  that  the  distance  between  tho  Baikal 
system,  which  was  uninfected,  8nd  the  Gotanda  system,  one  of  the 
infected  systems,  was  only  a  few  hundred  yards.  It  can  be  con¬ 
cluded  from  these  results  that  the  distribution  of  bacterial 
leaf  blight  infection  is  somehow  related  to  the  irrigation  system. 

3-  Investigation  of  Individual  rice  paddies  in  a  particular 
inf eo ted  area. 

The  Matsuda  sector  in  the  Okino-gawa  basin,  where  the 
disease  was  particularly  rampant,  was  selected  for  a  detailed 
paddy- to-paddy  survey  from  October  19  to  21.  The  survey  was  mainly 
in  the  localities  of  lohinomlchi,  Takahashl,  Matsuda,  and  Banba, 
with  no  Infection  observed  in  the  upper  reaohes  of  the  river. 
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Table  1. 


Incidence  of  bacterial  leaf  slight  cl '-ace  ly 
system 


Name  of  river 

Bacterial  leaf  blight  disease 

Degree 

None  of  Local icy 

Thlkaltame ikegakarl 

None 

Gotanda-gawa 

Slight 

Midstream 

iusohv.ho 

Hengo-gawa 

Severe 

From  midstream  1 

iai—hiro,  N 

Miya-kawa 

Severe 

From  ups cream 

Ushihura ,  Toannagc 
Tcmizawa 

Hanba-gawa 

Moderate 

From  downstream 

Tonisawa 

Oklno-gawa 

Severe 

From  midstream 

Kanihirai,  Hlral 

Tamachi-gawa 

Severe 

From  midstream 

Hirai,  Nishiar- 
almachi 

Noda-gawa 

Gunkal-gawa 

Slight 

None 

Downstream 

Kakashljo 

Bacterial  leaf  blight  of  the  rice  plant  generally  started 
with  infection  of  the  lower  leaves,  with  the  Infection  moving  to 
the  upper  leaves  such  that  by  October  20,  the  extent  of  the 
disease  could  be  Judged  by  observation  of  infection  of  the  terminal 
leaf.  The  severity  of  the  disease  was  Judged  according  to  the 
following  criteria: 

(1)  Infection  of  only  the  lower  leaves  with  no  Infection 
of  the  terminal  leaf. 

(2)  Slight  Infection  of  the  terminal  leaf. 

(3)  Infeotion  of  1/3  of  the  terminal  leaf. 

(4)  Infection  of  1/2  of  the  terminal  leaf. 

(5)  Infeotion  of  2/3  of  the  terminal  leaf. 

(6)  Infeotion  of  the  entire  terminal  leaf. 

As  can  be  seen  from  Figure  2,  the  disease  was  found  in  all 
of  the  rloe  paddies  of  the  area  investigated  without  expect ion. 
Similar  to  the  situation  in  the  other  river  basins,  there  was  less 
indloenoe  of  the  disease  upstream  towards  Iohinomiohl  but  progres¬ 
sively  severe  Infeotion  downstream.  At  the  same  tine,  there  -..-era 
differences  between  individual  rice  paddies  in  the  degree  cf  _ in¬ 
fection  with  bacterial  leaf  blight. 


Within  c.  single  paddy,  there  was 
degree  c f  infection,  end  there  war  aL-o 
That  is  to  cay,  in  the  earhy  stages  cf 
to  early  August,  severest  infection  was 
ted  near  the  water  intalxe  of  the  paddy, 
of  other  plants  in  the  sane  paddy. 


in;  ccuuon  arcu.n~  cate  «Xuo.y 
found  among  plants  loca- 
vjith  scattered  infection 


Figure  2.  Incidence  of  disease  in  Ilasuda  area. 

Legend:  (1)  Oklno-gawa.  (2)  Irrigation  ditch.  (3)  Identification 
of  farmer.  (4)  Figures  indicate  degree  of  severity  of  disease. 


The  scattered  infection  is  assumed  to  he  due  to  infection  in  the 
seed  beds  prior  to  transplanting  to  the  main  paddy,  while  the 
infection  of  plants  near  the  water  intaka  is  assumed  to  be  a 
primary  infection. 

With  growth  of  the  rice  plant,  the  attern  of  infection  in 
a  single  rice  paddy  charges,  that  is  to  say,  the  initially  severe 
infection  near  the  water  Intake  is  no  longer  serious.  When  a 
water  channel  is  established  along  one  side  of  the  paddy,  infection 
is  clearly  lighter  along  such  a  channel,  and  this  seems  to  mean 
that  the  colder  water  experienced  near  the  water  intake  and  in 
such  a  water  channel  tends  to  inhibit  development  of  the  disease. 

k.  Degree  of  infection  and  variety  of  rice  plant. 

In  the  Matsuda  area,  the  Alchi-asahi  variety  of  rice  is 
predominantly  grown,  with  other  varieties  such  as  Tokai-asahi, 
Hashushlmo ,  Koganemaru,  and  Indigenous  mochigone  being  cultivated 
in  insignificant  quantities.  The  effect  of  variety  on  infection 
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to  the  disease  was  studied  with  respect  to  these  varieties. 

In  the  survey  of  September  10,  all  five  varieties  were 
observed  to  be  equally  infected,  the  decree  of  infection  amount¬ 
ing  to  total  covering  of  the  fourth  and  fifth  leaves  with  lesions, 
some  lesions  on  the  secod  leaf,  and  occasional  lesions  on  the 

terminal  leaf. 


In  the  survey  of  October  20,  Aichi-r.sahi ,  Tohai-asihi ,  and 
Hatsushimo  were  found  to  be  heavily  infected,  while  Xogancmaru 
and  indigenous  mochigome  were  found  to  be  relatively  lightly  af¬ 
fected  by  the  disease.  Proa  a  distance,  amidst  the  greyish  — ni 
fading  of  the  former  three  varieties  could  be  seen  the  golden 
•  ripening  ears  of  plants  of  the  varieties  Xogar.emc.ru  and  indigenous 
mochigome . 

5.  Belation  between  method  of  cultivation  and  Infection. 

In  order  to  establish  a  relation  between  the  method  of 
cultivation  and  the  incidence  of  the  disease,  the  authors  em¬ 
barked  on  interviews  with  the  farmers,  but  due  to  Important  un¬ 
known  factors  such  as  the  amount  of  fertilizer  used,  this  method 
of  approach  was  dropped,  and  we  conducted  studies  of  the  practices 
of  individual  farmers  with  respect  to  the  degree  of  infection, 
the  relation  between  the  seedbed  and  the  main  paddy,  and  the 
relation  between  irrigation  and  fertilization  practices  and  inci¬ 
dence  of  the  disease. 

(1)  Incidence  of  disease  by  Individual  farmer. 

According  to  Table  2,  it  can  be  seen  that  by  individual 
farmer  in  the  Matsuda  area,  there  are  some  differences  in  the 
incidence  of  the  disease  related  to  the  method  of  cultivation. 


Table  2.  Inoidenoe  of  disease  by  farmer. 
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Legend:  (1)  Identification  of  farmer.  (2)  Variety  of  rice. 

(3)  Alchi-asahl.  (4)  Xoganexaaru.  (5)  “  .siCsnsc.  in  enh:  i. 

(6)  Incidence  in  main  paddy.  (7)  2 cn~r— ;.  (6)  Scchbch  establishes 

in  uninfected  land. 
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(2)  Difference  in  incidence  cf  disease;  between  s-^dbod  end 
cm  In  paddy. 


.  -  •  *  .  •*»r.  o'1*  "5  •>  •’ 

V-'U'  ww  «TM,  ^  >-/  mmm  m* 


In  Figure  3  is  sV-.cn r.  the  - 

of  disease  in  the  seedbed  after  transplanting  and  the  incidence 
of  disease  ^  w.w  a—n  p-auy.  la  c — :  _e  seen  that  where  infec¬ 
tion  Is  high  in  the  seedbed,  there  is  also  a  high  degree  of 
Infection  in  the  main  paddy.  Considering  the  cases  of  farmers 
E  and  G  listed  in  fable  2 ,  a. lose  Swcm-c— s  -.we  been  locatcm  up— 
stream  in  the  sane  river  basin  on  uninfect  d  lant  »  the  intent;. on 
of  rice  plants  in  the  main  paddies  cf  thes  -  fc.r--n.-e  is  found  re 
be  considerably  less  than  in  the  paddies  of  f;r-.n.-e  *.:tth  die: 
seedbeds.  It  can  be  seen  that  disers 
nary  infection  and  snbsccncntly  a  1c  • ,  -r  do.-; 

.the  main  pc.ddy,  T'  «  -  '  j  m.  mm  Vh  1_.  --  „.w  V,  _%«•*«  W  VM 

into  diseased  paddies  i:ill  incur  2vCO. — . wmC  (tit. 

less  disastrous  results  than  in  the  former  case. 

(3)  management  of  irrigation  and  other  elements. 

In  the  area  investigated,  there  was  ere  farmer  who  tended 
to  be  negligent  in  fertilisation  practice,  with  trr..w cm  •:  /  or 
being  allowed  to  flow  constantly  thrcv.gh  his  fields,  dre  gr-uuh 
of  rice  plants  in  his  fields  nded  to  be  poor,  but 

surprisingly,  there  was  very  little  disease.  One  of  the  factors 
responsible  for  this  result  is  no  doubt  the  effect  of  the  water 
temperature,  as  once  previously  described. 


Figure  3*  Relation  between  seedbed  after  transplanting  and  the 
main  paddy  with  respect  to  incidence  of  disease. 

6.  Relation  between  bacterial  leaf  blight  disease  and  the  number 
of  kernels  per  ear,  number  of  unripened  kernels,  and  weight  of 
grain. 

In  order  to  establish  a  relation  between  Infection  of  the 

terminal  leaf  and  grain  yield  of  the  phmnt,  wo  studied,  mainly 


with  respect  to  the  Aichi-asnfci  vario f*  of  rice  grc.:.i  m 

2-Iatsuda  sector,  the  weight  of  an  c.r,  e..e  mm'. _ r°Lf  m 

ear,  the  number  of  unripened  kernels,  and  the  "weight  of"  a" 
thousand  kernels . 


Although  we  were  n;t  able  to  investigate  the  yield  in 
this  survey,  the  loss  of  weight  of  ear  and  ho  mo  3  and  the  I-& re*- 
in  the  number  of  unripened  kernels  wore  sufficient  inducatom  cf 
the  deleterious  effect  of  the  disease  cn  the  yield. 

Proa  among  the  individual  rice  r-ddics  wh«ch  were  ctv;'-  ed 
in  detail  as  previously  described,  14  were  selected,  m:..gmj 

from  light  to  heavy  infection,  and  from  each  of  these  paddies, 

15  plants  with  the  best  ear  growth  were  sampled,  the  results 

being  shown  in  liable  3  and  Table  4. 


Table  3.  Belation  between  bacterial  leaf  blight  of  the  rice 
plant  and  number  of  kernels  per  ear,  number  of  unripened  homo 

and  weight  of  grain. 
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Legend:  (1)  Degree  of  damage  (visual  observation).  (2)  Variety 
of  rice.  (3)  Koganemaru.  (4)  Alohi-asalii .  (5)  Identification 

of  farmer.  (6)  We lght  of  an  ear,  (7)  Number  of  kernels  per  ear 
(8)  Number  of  unripened  kernels..  (9)  Percentage  of  unripened 
kernels.  (10)  Weight  of  1000  kernels  of  grain.  (11)  Bemarks: 
Average  of  fifteen  plants  with  largest  spikes. 
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Figure  4.  Relation  between  bacterial  leaf  blight  disease  and 
ripened  seed. 


The  results  clearly  she*.:  that  with  ■  he  severity 
there  is  a  decrease  in  the  weight  of  an  car  and 
kernel  of  grain  acccnpaniod  by  a:i  increase  in  t 
unrlpened  grain,  while  there  is  almost  no  chang 
of  kernels  per  ear.  The  number of  kernels  per  e 
affected  by  the  disease,  since  this  number  is  a 
in  the  grc-.;th  of  the  plant,  while  infection  cf 
occurs  much  later,  retarding  growth  and  ass ini 1 
and  resulting  in  lighter  weight  of  the  fruit. 


cf  the  disease. 


e  in  the  nun  ear 
ur  is  usually  not 
ete  mined  early 
the  plant  generally 
acton  of  nutrition 


In  our  conversations  with  the  fanners  during  the  investi¬ 
gation,  it  was  found  that  the  disease  was  usually  severe  in 
years  of  drought  with  Inadequate  irrigation  water,  also  that  the 
disease  usually  flared  up  with  depletion  of  fertilizer  in  the 
soil.  These  observations  contradict  the  results  of  previously 
run  tests,  and  it  is  difficult  to  provide  a  satisfactory  explana¬ 
tion  In  this  case. 


7 .  Conclusion 

Although  this  investigation  only  covered  a.  small  area,  the 
results  obtained  were  as  follows: 


The  incidence  of  bacterial  leaf  blight  of  the  rice  plant 
is  closely  related  to  the  associated  water  system.  In  the  case  of 
diseased  water  systems,  there  is  always  infection  of  plants 
dovmstream  in  the  system.  There  are  examples  of  nearby  but 
different  water  systems  with  similar  conditions,  where  no  blight 
is  found.  The  study  shows  that,  considering  the  characteristics 
of  the  bacteria,  transmission  of  the  disease  is  mainly  through 
the  seed,  'straw,  or  the  water  system,  and  that  once  infection 
occurs,  the  disease  is  propagated  downstream  by  the  irrigation 
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xrater.  Although  there  are  differences  la  the  ocveriv  of  the 
disease ,  infection  is  generally  v_  ...  spread,  ci-  v- 
cultivation  has  sore  influence  on  the  decree  cl  a:a‘„c- .ca,  r.~d  la 
the  cases  where  primary  infection  c^-v.:- ...  la  ah-  ,d.  th  . 

daaage  frca  the  disease  in  th-  rain  pa.'../  a-  also  quire  revere. 

Variety  plays  an  important  role  in  resist an re  to  oho  ...i. ....  .. _ 

In  the  case  of  the  varies/ ,  -h,gvn-:  .-.ru,  a  ...he’"  :.vs 
the  nature  cl  the  infection  is  sh.il..:.-  to  \ 

in  the  early  stapes  el  /.wth,  bur  :  v.  .  /  s..o  1  ..., 

the  disease  :.aes-sans  --  v/  pro* a.,  .a...:./  .  ..  ^  .. 

definite  relation  hcewoon  oh-  rev-re t/  1  s'.h.  l:.s-a. ..  a.  .  p;  * 

factors  directs:/'  related  to  yield,  . . -  _ _ _ _ _  ..v  ._ 

to  cause  a  great  seduction  in  yield.. 

Although  the  area  surveyed  *:as  annually  attach;  1  by  blight 
to  a  serious  deps-ee,  the  farmers  cl  this  area  were  lev  .  .  r;o  he" 
rather  nonchalant  about  the  situation;  aceottin j  the  dysup  out  cl 
the  plants  in  a  greyish-white  color  cs  u.i...al  w;  these  the  a..ept_e.: 
of  any  specialy  control  measures.  l..e  reasons  he„a::-u are,  a 
resistant  strain,  is  not  provn  in  this  heavily  iufeot-d  area  :_e 
the  lor  yield  and  the  late  maturity  of  this  variety-,  while  the 
Aichi-asahi,  a  susceptible  variety  is  favored  for  its  fairly  hiph 
yield. 


As  previously  re  la.  ted  in  the  description  of  the  topography 
of  this  area,  the  streams  in  this  area  erode  the  land  such  that 
river  beds  are  deep,  the  paddies  fern  terraces  on  both  bands ,  and 
there  are  apt  to  be  frequent  shertap-s  of  irrigation  rater. 
Although  there  are  very  for  iov-::at_r  paddies,  most  of  the 
paddies  are  twc-crop  rice  paddies,  lie  lussada  area  surveyed 
Is  typical  of  this  type  of  rice  farmland,  that  is  to  say, 
although  none  of  the  paddies  are  ever  fully  covered  irifch  water 
during  the  entire  proving  season,  there  is  nevertheless  an  over¬ 
all  incidence  of  the  disease.  Sons  of  the  dryland  rice  grown 
on  the  adjoining  terraces  is  also  seen  to  be  infected  with 
bacterial  leaf  blight.  Generally  flooding  of  the  rice  paddies 
with  water  Is  considered  to  be  the  pi-' nary  cause  of  bacterial 
leaf  blight  infection,  but  in  the  case  of  this  area,  where  the 
disease  is  prevalent,  the  cause  in  the  ordinary 

flowing "irrigation  xrater.  Since  winter  wheat  is  grown  on  the 
paddies,  diseased  straw  is  left  in  the  fields  to  further  Infect 
and  even  worsen  the  disease  distuation  in  the  coring  years. 

More  recently,  farriers  have  depressed  a  growing  interest 
on  the  subject  of  disease  resistant  varieties,  and  although 
various  control  measures  are  being  studied,  by  far  the  most 
effective  means  of  control  is  the  development  and  the  use  of 
disease  resistant  varieties. 
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